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Abstract 
Since July 2013 the first stand-alone Molten Salt Parabolic Trough (MSPT) plant, located adjacent to the Archimede Solar 
Energy (ASE) manufacturing plant in Massa Martana (Italy), is in operation. 
After one year of operation, the management of the ASE demonstration plant has shown that MSPT technology is a suitable and 
reliable option. Several O&M procedures and tests have been performed, always with very good results confirming that this 
approach can be easily scaled up to realize standard size CSP plants without any concern, if the plant design takes into account 
molten salt peculiarities.  
In this paper a brief description of the plant and the overall and main plant operation figures will be presented. 
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Nomenclature 
ASE Archimede Solar Energy  
CSP Concentrating Solar Power 
LCOE Levellized Cost Of Electricity 
MS Molten Salt 
MSPT Molten Salt Parabolic Trough 
O&M Operation and Maintenance 
SCA Solar Collector Assembly 
HCE Heat  Collecting Element 
1. Introduction 
Since July 2013 the first stand-alone Molten Salt Parabolic Trough (MSPT) demo plant, located close to the 
Archimede Solar Energy manufacturing plant in Massa Martana (Perugia), is in operation. 
The MSPT  demo plant aims to be a showcase for the Molten Salt technology and the Italian supply chain and, at 
the same time, to demonstrate the manageability, the efficiency and the robustness of such kind of plants that several 
CSP experts consider to be one of the best ways to decrease Concentrating Solar Power (CSP) plant’s Levellized 
Cost Of Electricity (LCOE) [1,2,3,4,5]. 
Achieving such significant points has been possible thanks to both ASE and his shareholder Chiyoda’s strong 
commitment and to the important support and contribution given by the other partners, here represented as co-
authors. 
The present paper will neither cover any aspect related to performance of the entire system nor the single 
subcomponents (further scientific papers dealing with these matters will be published). It will focus, however, on the 
management and reliability of the system trying to debunking the negative myths generally associated with MSPT 
technology such as the heat transfer fluid freezing and the operation complexities.  
2. Demonstration plant description 
The ASE MSPT demo plant is composed of a single loop made by six SCAs, each one having a collecting surface 
of roughly 600 square meters equipped with high temperature solar receivers. The solar loop is connected to a 
molten salt storage system constituted of two tanks of about 25 cubic meter each in which the salt (roughly 50 tons) 
is located. 
For the first year of operation, the collected heat has been dispersed into the environment by mean of a molten 
salt to air heat exchanger; but in the summer of 2014 a steam generating unit will be realized and operated on the 
plant. 
The next figures show a simplified scheme of the plant (Fig.1), a 3D drawing of the plant’s main equipment 
(Fig.2) and a picture of the solar loop in operation (Fig.3).  
For the MS management the plant is provided with suitable preheating systems, based on two different 
approaches: all the solar field piping, including the 144 receiver tubes and the interconnecting flex hoses, as well as 
the air cooler are heated up by Direct Joule effect; the piping connecting the solar collectors to the molten salt tanks 
as well as all the valves are heated up by means of mineral insulated cables. 
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Fig. 1. ASE MSPT demo plant simplified scheme.  
 
 
Fig. 2. ASE MSPT demo plant 3D drawing.  
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Fig. 3. ASE MSPT demo plant in operation.  
In the following table, the main parameters of the Demo plant are summarized. 
Table 1. ASE demo plant main data. 
Parameter Value Unit 
Solar Field   
SCA overall length 100.33 m 
SCA aperture width 5.96 m 
Focal length 1.81 m 
Number of SCA 6  
Net collector aperture area 3398.4 m2 
Heat Collecting Element (HCE) HCEMS-11  
Number of  HCE 144  
Heat Transfer Fluid (HTF) 60% NaNO3 - 40% KNO3  
Nominal inlet temperature 290 °C 
Nominal outlet temperature 550 °C 
Nominal Thermal output 1900 kWt 
Thermal Energy Storage (TES)    
Cold and hot storage tank nominal volume 25 m3 
Cold and hot storage tank internal diameter 3.4 m 
Cold and hot storage tank height  3.2 m 
Molten salt inventory 50 ton 
Circulation system   
Solar field pump nominal flow 6.5 kg/s 
Solar field pump head 47.8 m 
Air cooler pump nominal flow 6.5 kg/s 
Air cooler pump head 16.9 m 
Air cooler system   
Nominal thermal duty 550 kW 
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The plant’s operational philosophy consists of three main operating modes: normal tracking operating mode, 
off-tracking operating mode and long term stand-by mode. 
2.1. Normal tracking mode 
The six SCAs are in solar tracking mode: cold molten salt (290°C) is pumped from the cold to the hot storage 
tank through the collector loop, where it is heated up by solar irradiation. The molten salt flow rate is controlled to 
keep the outlet temperature of the solar field at the temperature of 550°C.  
The flow variation is performed by means of a variable speed drive at the cold molten salt pump.  
In order to dissipate the collected solar heat (i.e. to cool down the molten salt to the temperature of 290°C) the hot 
molten salt, accumulated in the hot storage tank, is pumped through an air cooler to the cold storage tank. The 
molten salt flow rate is controlled to meet the required temperature.  
This operating mode is selected for the steady state performance test. 
2.2. Off-tracking operating mode 
The six SCAs are in stow position (or in complete defocus mode) and cold molten salt is pumped from the cold 
thermal energy storage through the collector loop, it is cooled down (due to heat loss in the system) and, by means of  
proper valves setting, mainly recirculated to the cold tank.  
The molten salt flow rate is controlled to keep the outlet temperature of the solar field at a temperature of 275°C.  
This operating mode is selected in case of insufficient solar radiation (night time or cloudy weather), during the 
heat loss test and when the hot hank is full and needs to be cooled down. 
The heat losses of the solar field are measured at different molten salt temperatures, by keeping the temperature 
and the flow rate constant and the preheating system off.  
2.3. Long term stand-by mode 
In this operating mode, the solar field as well as the air cooler unit are completely drained and almost all the 
molten salt present in the circuit (roughly 96%) is recovered in the storage tanks. The molten salt remaining in 
positions on which it is impossible to send the salt to the tanks is simply drained into suitable discharge pits. 
This mode is selected in case of a solar field maintenance and during the cloudier season from late December up 
to the beginning of March. During those periods the molten salt is kept in the liquid phase with electric heaters 
present in each tank.  
3.  ASE MSPT operation results 
In this section the main performance data and the operation results will be presented. 
3.1. Operation schedule 
Since the opening ceremony, MSPT demo plant has been operated continuously except for the time needed for 
plant improvement, maintenance and for the winter shutdown. 
As matter of fact, Massa Martana is not the best location for CSP plants so that from 22nd of December 2013 
until the 1st of March of 2014, the plant has been stopped and all the salt drained into the tanks with the exception of 
few days of operation to perform specific tests. 
In Fig. 4 a snapshot of the demo plant behavior is shown. In the graphs, black lines represent the solar radiation 
impinging the SCAs, red lines show the output temperature of the solar field and blue lines indicate the MS 
circulation in the solar field. 
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Fig. 4. ASE MSPT demo plant data snapshot.  
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During the year a total of 4450 hours have been cumulated with salt in circulation. Taking into account the 
physiological initial tuning of any plant, the experimental aim of the installation with the execution of periodical 
draining and filling test, the implementation of additional sensors and equipment after the start-up and the winter 
shutdown period the number shows a very good reliability in the MS operation. 
For more than 500 hours the temperature at the solar field outlet has been greater than 500°C, 1150 hours above 
400°C and almost 6000 hours the solar field had a temperature over 200 °C (both with salt in circulation and with 
the preheating systems switched on).  
Considering that the nominal solar field thermal power is roughly four times the thermal duty of the air cooler, the 
number of hours during which the system can effectively operate at nominal condition is limited by the storage 
dimensions (Fig. 5a and Fig. 5b).  
 
      
Fig. 5. ASE MSPT demo plant typical daily behavior (a) with tracking interruption and (b) without tracking interruption. 
3.2. Filling and draining test 
The filling and the draining of a MSPT loop is always the most critical phase concerning the MS management. 
These operations have been performed 27 times in the period of observation . 
All the draining and filling operations were successful (even those not previously planned but caused by 
anomalous behavior of part of the plant). 
In Fig. 6, the trend of the main parameters during a typical filling is presented. In the graph, it is clearly shown 
that before the filling the temperature of the different zones of the plant are quite different because they are 
essentially driven by the preheating power supplied and by the local thermal losses. After the molten salt has filled 
the loop its temperature homogenized the thermal profile and the temperatures of all zones became very similar. The 
filling of the plant can be also observed by the decrease of the cold storage level indicating the quantity of salt 
pumped in the loop. 
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Fig. 6. Typical filling graph. 
3.3. Freezing and thawing test 
Several concerns are generally addressed to the molten salt technology: among those, accidental freezing and 
consequent thawing of molten salt might be critical for piping and flexible connections of the solar field. 
In order to properly address this issue, it has been set up a specific test, whose schematic drawing is shown in 
Fig. 7.  
The set up consists of two HCEs installed using supporting bracket similar to those used in real SCAs and 
connected with a flex hose and a valve. The assembly is equipped with a preheating systems similar to the one used 
on the plant (Joule effect heating on the receivers and flex hose, mineral insulating cables for the valve) in order to 
exactly reproduce the situation that might occur on the receivers installed on the SCA. Once filled, the heating 
systems have been switched off for several hours to produce a complete freezing of the salt inside the receivers, the 
flex hose and the valve. The temperatures trends during the successive thawing phase, started with the switching on 
of the heating equipment, are shown in Fig. 8. The graph shows that the valve has a slower temperature increase rate 
and, when the last solid salt became liquid, suddenly all the salt is fully drained in the drainage pit. 
More than ten cycles have been performed without damages for any of the components of the test facility. 
 
 
 
Fig. 7. Freezing – Thawing test facilities. 
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Fig. 8. Temperatures trend during thawing phase. 
4. Conclusions 
After one year of operation the ASE MSPT demo plant achieved the targets expected to demonstrate that the 
MSPT technology is mature for large scale commercial applications without any critical points to be addressed. 
The plant operation in ordinary and extraordinary phases has been performed without any problem, indicating 
quite a simple manageability of the molten salt even during emergency. 
The scaring freezing problem has not been experienced in a complete year in a location that is clearly not the best 
for CSP applications. 
The draining and filling phases have been conducted several times without any major issue. 
Specific Freezing and Thawing tests shown the feasibility to recover the solar field, even in the unpleasant event 
of solar field freezing without any damage to the any part of the system. 
As far as the performances of the ASE MSPT demo plant are concerned, they will be presented in specific 
articles directly from the main component suppliers. 
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